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LeadThe present work reports the development of a method for the determination of lead in aviation gasoline
samples by electrothermal atomic absorption spectrometry (ETAAS). The samples were emulsiﬁed before
injecting into the spectrometer in order to avoid the high instability observed in the signals when the samples
were injected directly without any treatment. Stable detergent emulsions were obtained by mixing 1 mL of a
7% m/v Triton X-100 solution containing 10% v/v HNO3 with 4 mL of aviation gasoline. These emulsions
generated constant integrated absorbance signals for 5 h at least. Several parameters related to the emulsion
formation (Triton X-100 and HNO3 concentrations) and temperature program (pyrolysis and atomization
temperatures and heating rate and the ﬁnal temperature of the drying step) were evaluated. Both Triton
X-100 and HNO3 concentrations in the solution used to form the emulsion inﬂuenced the sensitivity of the
lead measurements as well as the heating rate utilized in the drying step. The use of a chemical modiﬁer was
necessary, being that the Pd conventional modiﬁer presented better performance than the permanent Ir
modiﬁer. The limits of detection and quantiﬁcation derived for the methodology were 1.2 and 4.0 μg L−1. Six
samples of aviation gasoline were analyzed and the lead concentrations varied between 11.6 and 64.2 μg L−1.
A recovery test was performed in order to attest the accuracy of the procedure and recovery percentages
between 88 and 112% were observed.: +55 21 2629 2143.
evier OA license.© 2011 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Nowadays, the determination of trace metals is mandatory in the
quality control of petroleum-derived liquid fuels, once the presence of
metals in these products can lead to several distinct problems. It is
well known that metallic species can act as catalysts in the oxidation
of certain heteroatomic molecules containing oxygen, sulfur or
nitrogen and/or other hydrocarbons (alkenes, indenes and cyclic
alkanes) presents in liquid fuels. This oxidative process results in the
formation of solid particles usually called of gum [1], which are easily
accumulated on the internal surface of the engine, thus affecting
negatively its efﬁciency, performance and durability [2]. Also, the
formation of gum can enhance the corrosion of metallic parts of the
engine and decrease the fuel performance [3]. In this context, it is
clear that the stability and the quality of the liquid fuels are affected by
the presence of metals, even in low concentration, and that the
development of suitable analytical methods for the determination of
metals in trace concentrations in these kinds of samples is required.Other point of concern related to the presence of metals in the
liquid fuels is their emission to the atmosphere when the fuels are
burned. In this case, Pb can be considered one of the most important
elements, since organic-lead species were used in the automotive
gasoline during decades for suppressing uncontrolled ignition in the
internal combustion engines [4]. Although the use of leaded gasoline
in the cars was extinguished, Pb still appears in the most of the liquid
fuels in trace concentrations, contributing for the gum formation [5]
and being responsible by the appearance of several environmental
problems due to its emission to the atmosphere [6].
Atomic spectrometric techniques are regularly employed for the
determination of trace metals in organic liquids like petroleum-
derived products [7–17]. In this ﬁeld, the employment of plasma-
based techniques is a challenge because of the high carbon content of
the samples. So, the use of atomic absorption spectrometry seems to
be a more suitable alternative. Among the atomic absorption
techniques, the electrothermal atomic absorption spectrometry
(ETAAS) has played a major role, once it is a very sensitive and
selective analytical technique, being able to quantify the most of the
analytes in the low μg L−1 range.
The direct determination of Pb in liquid fuels was already
performed by using different spectrometric techniques such as
ICP-OES [7], ICP-MS [8], FAAS [9] and atomic ﬂuorescence [10].
Table 1
Temperature program used in the coating of graphite tube with Ir. Adapted from ref.
[20].
Step T (°C) Ramp (s) Hold (s) Ar ﬂow rate (mL min−1)
1 90 5 30 300
2 140 5 30 300
3 1000 10 10 300
4 2000 0.5 5 0
5 50 0.5 10 300
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utilization of an aggressive sample digestion procedure, which was
applied to the total mineralization of the carbon present in the
samples [11]. In fact, the ETAAS seems to be the most suitable
analytical technique for the Pb determination in petroleum-derived
products, as demonstrated by other researchers that employed this
technique for the Pb determination in kerosene [12], gasoline [13–15],
diesel, [15], crude oil [16] and naphtha [17]. Different sampling
strategies were used in these works with the samples being injected
directly (without any treatment other than dilution with a convenient
organic solvent) or in the form of emulsions and/ormicroemulsions. It
was not found in the current literature any research work regarding
the Pb determination in aviation gasoline.
Silva et al. [12] developed a methodology for the determination of
Pb (and Cu) in kerosene by ETAAS. The samples were injected in the
form of a three-component solution (microemulsion) in order to
stabilize the analytical signal during analysis. The main drawback of
the proposed method is the high dilution imposed to the samples,
which degraded the limits of quantiﬁcation of themetal in the original
samples. Ozcan and Akman [13], Reyes [14] and Campos [15] used the
same approach for the determination of Pb (plus other metals) in
diesel and gasoline samples by ETAAS.
Damin et al. [16] reported the determination of Pb in crude oil by
ETAAS. In this case, the samples were emulsiﬁed after diluting with
xylene. The dilution with the organic solvent was necessary because
of the high viscosity of the samples. A conventional Pd+Mg chemical
modiﬁer was employed to increase the sensitivity of Pb measure-
ments, which were performed by using a ﬁlter furnace and solid
sampling approaches.
Dias et al. [17] optimized a method for the lead determination in
naphtha samples by ETAAS. The samples were directly injected into
the spectrometer and the inﬂuence of the variables that could affect
the system was studied by a multivariate way using a two-level
factorial design. According to authors, the atomization temperature
and the pyrolysis time were the factors that presented the most
prominent effect on the sensitivity. However, nothing was mentioned
in thework about the stability of the naphtha samples during analysis,
a serious problem previously observed by other researchers in the
determination of other metals in naphtha [18,19].
The main objective of this work was to develop a methodology to
determine Pb in aviation gasoline by ETAAS by applying an emulsion
sample introduction strategy. The parameters related to the emulsion
formation and stability were studied as well as those related to the
temperature program.
2. Experimental
2.1. Apparatus
All measurements were carried out with a Varian (Mulgrave,
Australia) electrothermal atomic absorption spectrometer with Zeeman-
effect background correction,model AA240Z, equippedwith aVarianGTA
120graphite furnaceunit and coupled to aVarianPSD120auto sampler. A
hollow cathode lamp for Pb, also supplied by Varian,was employed in the
measurements. Integrated absorbance measurements were made with
pyrolytical graphite coated partitioned tubes (Part no. 63-100012-00),
supplied by Varian. Argon (99.99% purity) was used as protective gas and
the instrumental operating conditionswere 5 mAof lamp current, 0.5 nm
of slit width and 283.3 nm wavelength.
2.2. Reagents and solutions
All aqueous solutions utilized in this work were prepared with
puriﬁed water obtained in a Direct-Q 3 System (Millipore, Milford, MA,
USA). Trace metal grade nitric acid and analytical grade Triton X-100,
supplied by Tedia (São Paulo, Brazil), were used in the experiments.An aqueous Pb stock solution of 1000 μg mL−1 (SPEX, Metuchen,
NJ, USA) and an oiled Pb standard stock solution of 1000 μg g−1
(Conostan. Houston, TX, USA) were used for the preparation of
standard emulsions. The intermediary standard solutions used in the
present work were prepared daily by dilution of the stock solutions
with puriﬁed water (aqueous standard) or HPLC grade hexane (Tedia,
São Paulo, Brazil).
The 7%w/v Triton X-100 solutionwas prepared by dissolving 7 g of
Triton X-100 in exactly 100 mL of a 10% v/v HNO3 solution.
Aviation gasoline free of metals, supplied by PETROBRAS, was
employed in all experiments for the preparation of standard emulsions.
2.3. Emulsion preparation
The emulsions were prepared by mixing 4 mL of aviation gasoline
sample (or saviation gasoline free of metals) with 1 mL of 7% w/v
Triton X-100 solution prepared in a 10% v/v HNO3 medium in a plastic
capped tube with 6 mL capacity. The obtainedmixture was vigorously
shaken, manually, for 30 s and then left to stand for a few seconds.
Afterwards, a new cycle of 30 s of vigorous manual shaken was
performed, being obtained a stable emulsion. Then, it was transferred
to the auto sampler cup and injected into the graphite tube.
For the quantiﬁcation of Pb in the samples, the calibration was
performed with aviation gasoline standard emulsions prepared in the
same way as for the samples, but employing the aviation gasoline free
of metals and Pb oiled standard solutions.
2.4. Permanent modiﬁcation of the graphite tube
The permanent modiﬁcation of the graphite tubes with Ir was
performed by using the procedure described in the work of Oliveira et
al. [20]. In the coating procedure, the tubes were treated by pipetting
40 μL of a solution containing 500 μg mL−1 of Ir and submitting the
tube to the temperature program reported in the Table 1, which was
adapted from the temperature program reported by Oliveira et al.
[20]. This procedure was repeated 25 times before using the tube for
Pb measurements.
2.5. General procedure for the determination of lead in the emulsions by
ETAAS
In the determination of Pb in the emulsions, a volume of 20 μL of
sample or standard emulsions was injected into a partitioned
(pyrolytic coated) graphite tube, immediately followed by the
injection of 10 μL of a 1000 μg mL−1 Pd modiﬁer solution. Then, the
temperature program was run and the measurements were carried
out in integrated atomic absorbance mode. The temperature program
used for Pb determination in the aviation gasoline emulsions is listed
in the Table 2.
3. Results and discussion
The present study was divided into two parts. In the ﬁrst part, the
inﬂuence of parameters related to the emulsion formation (concen-
tration of Triton X-100 and HNO3) was evaluated taking into account
Table 2
Temperature program employed in the determination of lead in aviation gasoline by
ETAAS with detergent emulsion sample introduction.
Step T (°C) Ramp (s) Hold (s) Ar ﬂow rate (mL min−1)
Drying 50 5 0 300
250a 100a 10 300
Pyrolysis 1000a 1 5 300
Atomization 2100a 1 2 0
Cleaning 2200 1 2 300
a Values obtained after optimization of the methodology.
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Pb measurements. Secondly, the parameters related to the temper-
ature program (pyrolysis and atomization temperatures and the
heating rate in the drying step) were investigated. Along with these
parameters the performance of different chemical modiﬁers (Pd and
permanent Ir) was tested.
3.1. Inﬂuence of the Triton X-100 concentration
The direct analysis of volatile samples such as naphtha or gasoline by
ETAAS is a great analytical challenge because very unstable absorbance
signals are obtained in these cases [18,19]. In the present study, this
phenomenon was conﬁrmed for aviation gasoline samples by measur-
ing the integratedabsorbance of a Pb standard aviation gasoline solution
(metal-free aviation gasoline spiked with 50 μg L−1 Pb) continuously
during 300 min. As it can be seen in Fig. 1, the absorbance signal
decreasedwith the time, proving that the direct injection of the aviation
gasoline is not a suitable strategy for the Pb determination in this kind of
sample by ETAAS. In order to overcome this drawback, the aviation
gasoline was emulsiﬁed with an aqueous solution containing Triton
X-100 and HNO3 to form a stable detergent emulsion.
The ﬁrst study carried out in the present work was the evaluation
of the inﬂuence of the Triton X-100 concentration in the aqueous
solution used in the emulsiﬁcation on the stability of the emulsions
formed. For this purpose, the Triton X-100 concentration in the
aqueous solutions was varied between 1 and 7% w/v and the HNO3
concentration was maintained constant at 10% v/v. The detergent
emulsions were always obtained by vigorous shaking (as described in
the Experimental section) of 1 mL of the acidic Triton X-100 solution
with 4 mL of the aviation gasoline free of metals spikedwith 20 μg L−1
of Pb. The emulsions were stable for all concentrations of Triton X-100
tested, allowing the measurement of Pb during the whole 300 min of0 50 100 150 200 250 300 350
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Fig. 1. Effect of Triton X-100 concentration in the aqueous solution used for
emulsiﬁcation on the stability of the analytical signal. [Pb]=20 μg L−1, HNO3=10%
v/v and Triton X-100 (■) 1% m/v; (□) 3% m/v; (●) 5% m/v; (○) 7% m/v and (▲) direct
injection of aviation gasoline spiked with Pb.the experiment without noticed variation of the absorbance signal
(Fig. 1). The inﬂuence of the Triton X-100 concentration in the
aqueous solution on the sensitivity was also investigated. In the
experiment, the concentration of HNO3 in the aqueous solution was
also of 10% v/v. The results obtained in this experiment showed that
the surfactant concentration used in the emulsiﬁcation did not have
remarkable inﬂuence on the magnitude of the Pb signal. So, the
concentration of Triton X-100 in the aqueous solution was established
in 7% w/v, in order to work in a more robust condition.
3.2. Inﬂuence of the nitric acid concentration
Several methodologies based on the injection of emulsions or
microemulsions in the ETAAS determination of different metals
employ HNO3 as stabilizer agent [12,14,15,18]. The function of the
nitric acid is to prevent the hydrolysis of the metallic cations and
ensure that the analytes will be present in its less volatile form inside
the graphite tube during thermal treatment. So, the inﬂuence of the
nitric acid concentration in the aqueous solution used to prepare
emulsions was studied in the present work. This study was performed
by varying the HNO3 concentration in the range of 0–10% v/v, always
maintaining Triton X-100 concentration at 7% w/v, as previously
chosen.
The results obtained in this experiment (Fig. 2) showed that the nitric
acid concentration has remarkable effect on the sensitivity of Pb
measurements by ETAAS employing the chosen strategy. A noticeable
increase (4.7 times) of the analytical signal was veriﬁed when the HNO3
concentration was increased from 0 (absence of HNO3) to 5% v/v. On the
otherhand,when theHNO3concentrationwas changed from5 to10%v/v,
the signal increased only 18%, indicating that the acid concentration was
already enough to extract the lead from oil to the emulsion. In order to
work in a more robust condition, the concentration of 10% v/v HNO3 was
established for the method. From the results, it was possible to conclude
that the acidity seems tobe responsible by theextractionof thePbpresent
in the jet fuel as organic complexes or organometallic molecules, making
it more easily atomized and thus increasing the signal.
3.3. Determination of pyrolysis and atomization temperatures and the
study of the modiﬁers
After establishing the better experimental conditions for the
formation of the detergent emulsions, the following step of the
present work was the evaluation of the pyrolysis and atomization
temperatures and the choice of the suitable modiﬁcation approach.0 2 4 6 8 10 12
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Fig. 2. Effect of the HNO3 concentration on the sensitivity of the measurement of Pb.
Triton X-100=7% w/v and [Pb]=20 μg L−1.
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curves for Pb in the presence of different chemical modiﬁers (Pd and
permanent Ir).
Firstly, the pyrolysis curves were constructed in the range of 200–
1700 °C and maintaining the Pb atomization temperature at 2100 °C.
As it can be seen in Fig. 3, the behavior of Pb was different in the three
situations that were evaluated. As expected, very low sensitivity was
observed for Pb determination when the measurements were carried
out without any chemical modiﬁer in the all temperatures tested in
the experiment. The obtained results indicated that some Pb in the
emulsion was volatilized just at 200 °C, being that most pronounced
volatilization was observed for temperatures higher than 400 °C.
The use of the permanent Ir modiﬁer increased the signals for Pb in
the emulsion, being that the pyrolysis could be elevated until 800 °C
without losing sensitivity. After this temperature, the absorbance
signal decreased, evidencing that the Pb was being eliminated from
the graphite tube before atomization.
In general, higher absorbance signals were obtained when the Pd
modiﬁer was employed, indicating that this modiﬁer is more efﬁcient
for the stabilization of Pb inside the graphite tube. The pyrolysis could
be increased to a higher temperature (1100 °C)when compared to the
use of the permanent Ir modiﬁer, reinforcing the hypothesis that the
addition of Pd is a better alternative for the stabilization of the Pb in
the emulsion than permanent Ir. So, the Pd (10 μL of a 1000 mg L−1
solution) was chosen as modiﬁer for the determination of Pb in the
emulsions by ETAAS with a pyrolysis temperature of 1000 °C. It is
important to notice that the background signal was always low, being
easily corrected by the Zeeman-effect approach.
The atomization temperature was evaluated in the range of 1500–
2600 °C. The optimum atomization temperature was 1800 °C when
the permanent Ir modiﬁer was used and when no modiﬁer was
employed. On the other hand, when Pd modiﬁer was employed, the
absorbance signals were higher, as observed in the construction of the
pyrolysis curves, and the optimum atomization temperature was
increased up to 2200 °C. This probably occurred due to the highest
thermal stability observed for the Pb in the emulsion when the Pd
modiﬁer was added. In front of these results, an atomization
temperature of 2200 °C was set for the temperature program.
3.4. Evaluation of the effect of the heating rate in the drying step
The temperature programs applied in ETAAS presents, in general, a
ﬁrst stage called drying step. The objective of this step is to eliminate
the solvent before proceeding pyrolysis and atomization of the
sample. In the case of the analysis of volatile liquids this stage is0 200 400 600 800 1000 1200 1400 1600 1800
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Fig. 3. Pyrolysis curves for Pb employing different modiﬁers. (●) Pd modiﬁer (10 μg);
(○) permanent Ir and (■) without modiﬁer. [Pb]=20 μg L−1.more critical because the use of high heating rates can cause abrupt
boiling of the liquid, resulting in the projection of the sample along the
inner surface of the atomizer. As a consequence, different portions of
the sample are atomized at different temperatures yielding measure-
ments with poor precision [21]. This phenomenon is enhanced when
emulsions are injected into the graphite tube because they tend to
break due to the increase of the temperature, resulting in the
separation of organic and aqueous phases. When this happens, a
differential boiling of the solvents occurs inside the graphite tube and
the sample splashing on the inner surface of the graphite tube is more
intense. This problem can be minimized by employing slower heating
rates in the drying step because, in this situation, the components of
the solution are volatilized slowly even after emulsion breaking. So, an
experiment was run to evaluate the inﬂuence of the heating rate in
the drying step on the measurement of Pb in the aviation gasoline as
detergent emulsion. In the present study, the heating rate in the
drying step was varied by changing the ramp time during heating.
Also, the inﬂuence of the ﬁnal temperature of the drying step was
evaluated. The heating times were varied in the range of 10–100 s,
while the ﬁnal temperature of the drying step was tested in the range
of 120–250 °C.
The obtained results (Fig. 4) clearly show that higher sensitivity
can be achieved when slower heating rates are employed (higher
heating times). This result can be associated to the aviation gasoline
degradation inside the tube, which is enhanced when it is heated
slowly in the presence of the nitric acid added to the emulsion and
injected into the graphite tube along with the sample and the
surfactant. So, a heating time of 100 s was selected for the
temperature program in order to obtain a method with maximum
sensitivity.
On the other hand, the ﬁnal temperature of the drying step had no
remarkable inﬂuence on the Pb signal, especially when slower heating
rates were used. Once lower background signals were observed at
250 °C, this temperature was chosen for the temperature program. At
the end of optimization process, a Pb peak proﬁle free of background
interference was obtained when the emulsion was injected into the
graphite tube, as it can be seen in the Fig. 5.
4. Analytical characteristics of the method and applications
Analytical curves were constructed in the range of 10–100 μg L−1
to allow the calculation of the limits of detection and quantiﬁcation.
Standard emulsions prepared from aviation gasoline free of metals
were employed for this purpose. Two approaches were tested for the0 20 40 60 80 100 120
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Fig. 4. Effect of the heating time and the ﬁnal temperature [(■) 250 °C, (□) 200 °C,
(●) 150 °C and (○) 120 °C] of the drying step for Pb measurement by ETAAS.
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Fig. 5. Lead atomic absorption (full line) and background (dotted line) proﬁles after
optimization of the methodology. [Pb]=50 μg L−1.
Table 3
Results obtained in the analysis of real aviation gasoline samples and in the recovery
test. All values are expressed as the mean ± standard deviation of three independent
determinations.
Sample Pb added (μg L−1) Pb found (μg L−1) Pb recovered (%)
I 0 40.1±1.1
10 49.9±1.5 98±3
20 59.4±3.1 97±5
40 80.4±4.8 101±6
II 0 31.5±0.8
10 42.4±1.6 109±4
20 51.6±1.5 100±3
40 71.3±1.4 99±2
III 0 44.8±1.2
10 54.9±1.1 100±2
20 64.6±2.0 98±3
40 84.9±4.2 100±5
IV 0 64.2±1.6
10 74.9±6.3 107±9
20 84.4±0.8 101±1
40 104±1.0 99±1
V 0 36.5±0.3
10 46.0±1.0 95±2
20 57.0±1.7 102±3
40 76.4±3.8 100±5
VI 0 11.6±0.6
10 20.4±0.9 88±4
20 32.8±2.5 106±8
40 51.3±2.6 99±5
937R.J. Cassella et al. / Fuel Processing Technology 92 (2011) 933–938construction of analytical curves: (i) addition of lead as organic
standards and; (ii) addition of lead as aqueous standard. In both cases,
the Pb was easily incorporated to the emulsions since they are formed
bymixing aqueous and organic phases. Different slopeswere obtained
when aqueous or oiled Pb standard solutions were used for the
preparation of standard emulsions. In order to evaluate which
analytical curve would be adequate for the calibration of the method,
an experiment was carried out by comparing analytical curves
constructed using standard emulsions prepared with the own
samples diluted in aviation gasoline free of metals with the analytical
curves prepared by the conventional way (by addition of Pb to the
emulsion in the form of oiled or aqueous standard solutions). The
slopes of the analytical curves preparedwith the samples were always
exactly the same of those obtained by preparing the curves using the
oiled Pb stock standard solution, indicating that the organometallic Pb
contained in the oiled standard solutions can be used to simulate the
behavior of the Pb present in the aviation gasoline. Therefore, only
oiled Pb solutions were used in the preparation of standard emulsions
employed in the quantiﬁcation of the Pb in the real samples and in the
derivation of the ﬁgures of merit of the developed methodology.
The analytical curvesprovided linearﬁts in the rangeof 10–100 μg L−1
with a typical equation of A=0.0059 [Pb (μg L−1)]–0.0019 and a
determination coefﬁcient r2=0.997. The limits of detection (3σ criterion)
and quantiﬁcation (10σ criterion) for the measurement of the emulsion
were estimated from tenmeasurements of the standard aviation gasoline
emulsion not containing Pb and they were 0.97 and 3.2 μg L−1,
respectively. These values represent the limits for the measurement in
the emulsion. In the original samples the limits of detection and
quantiﬁcationwere 1.2 and 4.0 μg L−1, respectively, once they are diluted
(4 to 5 mL) for the preparation of the emulsions. The relative standard
deviation obtained for ten measurements of a standard emulsion
containing 10 μg L−1 Pb was 5.1%.
In order to evaluate the performance of the developed method-
ology for the Pb determination in aviation gasoline, six samples were
analyzed using the external calibration method. The analytical curves
utilized in this procedure were always prepared with the aviation
gasoline free of metals and by adding Pb (as oiled standard) in the
range of 10–100 μg L−1. All determinations were carried out in
triplicate and the concentration of Pb found in each sample is shown
in Table 3. The concentrations of Pb in the samples were situated
between 11.6 and 64.2 μg L−1, values above the limit of quantiﬁcation
of the developed methodology.
The accuracy of the procedurewas tested by performing a recovery
test (Table 3). In that procedure, the six sampleswere fortiﬁedwith Pb
(as oiled standard) concentrations of 10, 20 and 40 μg L−1 and theﬁnal Pb concentrationwas also determined by the external calibration
methodology. The recovery percentages observed in this experiment
varied between 88 and 112%, indicating that the developed
methodology is satisfactory for the quantiﬁcation of Pb in the aviation
gasoline samples.5. Conclusions
The results obtained in the present work showed that it is
impossible to achieve accurate determination of Pb in aviation
gasoline by ETAAS using the direct injection of sample approach.
This happens because of the high instability of the absorbance signal
that decreases rapidly due to volatilization of the sample. On the other
hand, after emulsiﬁcation of the sample with an aqueous solution
containing Triton X-100 (7% w/v) and nitric acid (10% v/v), it was
possible to keep the absorbance signal constant for 5 h, at least.
The use of chemical modiﬁers was mandatory in the Pb determina-
tion in the jet fuel samples as detergent emulsions because the greatest
part of the Pb contained in the samplewas eliminated from the graphite
tube just at 200 °C when no modiﬁer was used. Palladium and
permanent Ir were then tested as possible chemical modiﬁers for Pb
in the emulsion and higher sensitivity was reached by using Pd,
indicating that this modiﬁer was more efﬁcient than permanent Ir for
the retention of the Pb inside the graphite tube during pyrolysis of the
sample. Also, the heating rate of the sample in the drying step affected
themeasurements, being important to increase the temperature slowly
in order to obtain maximum sensitivity.
In the optimized conditions, the developed method was able to
determine Pb in the analyzed samples. The concentration of the Pb in
the tested samples (11.6–64.2 μg L−1) was always higher than the
limit of quantiﬁcation, evidencing that the method can be applied for
Pb determination in this kind of sample.Acknowledgements
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